Introduction
The traditional heat transfer fluids like oil, water, and ethylene glycol mixtures are now recognized as the poor heat transfer fluids. Addition of solid nanoparticles in traditional heat transfer fluids enhances the thermal conductivity of base fluid. The term nanofluid is credited by Choi [1] . This pioneering experimental research witnessed thermal conductivity enhancement of a nanofluid. He concluded that addition of very small amount of nanoparticles to traditional heat transfer liquids enhanced the thermal conductivity of liquid up to two times. Eastman et al. [2] and Choi et al. [3] pointed out that a small amount (<1% volume fraction) of Cu nanoparticles or carbon nanotubes dispersed in ethylene glycol or oil remarkably enhanced the thermal conductivity of a fluid by 40% and 50%, respectively. Thus the nanomaterials are recognized more effective in micro/nano electromechanical devices, advanced cooling systems, large scale thermal management systems via evaporators, heat exchangers and industrial cooling applications. Such fluids are very stable with no extra issues of erosion, sedimentation, non-Newtonian properties and additional pressure drop. This is because of tiny size and low volume fraction of nano elements required for thermal conductivity enhancement. Further the canvas of magnetic field has important applications in medicine, physics and engineering. Many equipment such as MHD generators, pumps, bearings and boundary layer control are affected by the interaction between the electrically conducting fluid and a magnetic field. The behavior of the flow strongly depends on the orientation and intensity of the applied magnetic field. The exerted magnetic field manipulates the suspended particles and rearranges their concentration in the fluid which strongly changes heat transfer characteristics of the flow. A magnetic nanofluid has both the liquid and magnetic characteristics. Such material have fascinating applications like optical modulators, magneto-optical wavelength filters, non-linear optical materials, optical switches, optical gratings, etc. Magnetic particles have pivoted role in the construction of loud speakers as sealing materials and in sink float separation. Magneto nanofluids are useful to guide the particles up the blood stream to a tumor with magnets. This is due to the fact that the magnetic nanoparticles are regarded more adhesive to tumor cells than non-malignant cells. Such particles absorb more power than micro particles in alternating current magnetic fields tolerable in humans i. e. for cancer therapy. Numerous applications involving nanofluids include drug delivery, hyperthermia, constrast enhancement in magnetic resonance imaging and magnetic cell separation. Motivated by all the aforementioned facts, various scientists and engineers are engaged in the discussion of flows of nanofluids via different aspects (see [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] and many useful attempts therein).
Homogeneous-heterogeneous reactions occur in many chemically reacting systems such as in combustion, catalysis, and biochemical systems. The interaction between the homogeneous reactions in the bulk of the fluid and heterogeneous reactions occurring on some catalytic surfaces is generally complex and is involved in the production and consumption of reactant species at different rates both within the fluid and on the catalytic surfaces. A model for isothermal homogeneous-heterogeneous reactions in boundary layer flow of viscous fluid past a flat plate is studied by Merkin [19] . He presented the homogeneous reaction by cubic autocatalysis and the heterogeneous reaction by a first order process and showed that the surface reaction is the dominant mechanism near the leading edge of the plate. Chaudhary and Merkin [20] studied the homogenous-heterogeneous reactions in boundary layer flow of viscous fluid. They found the numerical solution near the leading edge of a flat plate. Bachok et al. [21] focused on the stagnation-point flow towards a stretching sheet with homogeneous--heterogeneous reactions effects. Effects of homogeneous-heterogeneous reactions on the flow of viscoelastic fluid towards a stretching sheet are investigated by Khan and Pop [22] . Kameswaran et al. [23] extended the work of [22] for nanofluid over a porous stretching sheet.
In general, porous medium is used for transport and storage of energy. Analysis of flow through a porous medium has become the core of several scientific and engineering applications. These applications include the utilization of geothermal energy, the migration of moisture in fibrous insulation, food processing, casting and welding in manufacturing processes, the dispersion of chemical contaminants in different industrial processes, the design of nuclear reactors, chemical catalytic reactors, compact heat exchangers, solar power, and many others. Further the use of micro/nano electromechanical systems (MEMS/NEMS) has been increased in many industries. Such systems have association with velocity slip [24] [25] [26] [27] [28] .
Motivated by such facts, the main concern in present communication is to examine the flow analysis of nanofluid with homogeneous-heterogeneous reactions and velocity slip. The relevant problems for velocity and concentration are modeled. The non-linear partial differential equations are converted into the ordinary differential equations. Resulting equations are computed for the series solutions by a modern technique namely the homotopy analysis method (HAM) [29] [30] [31] [32] [33] . Convergence region of the derived solutions is determined. Discussion relevant to embedded parameters is made using graphical illustration. THERMAL 
Model development
Let us consider the steady 2-D flow of an incompressible nanofluid over a stretching surface in porous medium with permeability K. The x-axis is taken along the stretching surface in the direction of motion and y-axis is perpendicular to it. A uniform transverse magnetic field of strength, B 0 , is applied parallel to the y-axis. It is assumed that the induced magnetic and electric fields effects are negligible, fig. 1 . Nanoparticles such as Cu and Ag are considered. Water is treated as a base fluid.
We have taken a simple homogeneous--heterogeneous reaction model in the following form [16] :
while on the catalyst surface we have the single, isothermal, first order reaction
where a and b are the concentrations of the chemical species A and B and k c and k s denote the rate constants. We assume that both reaction processes are isothermal. Under these assumptions, the relevant boundary layer equations are:
The subjected boundary conditions are: 
where u and  are the velocity components along the x-and y-directions, respectively, D A and D B are the respective diffusion species coefficients of A and B,  is the electrical conductivity of fluid,   -the tangential momentum accommodation coefficient, and  0 -the molecular mean free path. The effective density,  nf , the dynamic viscosity,  nf , the heat capacitance, (c p ) nf , and the thermal conductivity, k nf , of the nanofluid are given by: 
Here  is the nanoparticle volume fraction, s in subscript is for nanosolid-particles and f in subscript is for base fluid. Denoting a 0 (a constant) and g(h) and h(h) the dimensionless concentration and defining:
Equation (3) is satisfied automatically and eqs. (4)- (7) reduce to:
in which prime indicates the differentiation with respect to h. Moreover the non-dimensional constants in eqs. (13)- (18) are the porosity parameter, , the Hartman number, the Schmidt number, the measure of the strength of the homogeneous reaction, k, the measure of the strength of the heterogeneous reaction, K s , the ratio of the diffusion coefficient, , and the velocity slip parameter, . These are defined: are equal, i. e. to take  = 1 [16] . In this case we have from eqs. (17) and (18) (21) Thus eqs. (14) and (15) become:
subject to the boundary conditions:
The physical quantity of interest is the skin-friction coefficient, C f . It characterizes the surface drag. The shearing stress at the surface of the wall,  w , is given by:
The skin friction coefficient is defined: 
Solutions derivation

Zeroth-order deformation problems
We choose the initial guesses 0 () f  and 0 () g  and the linear operators (28) together with the properties: 
where c 1 -c 5 are constants. With eqs. (13) and (22) 
We construct the zeroth order problems:
, ( , ) ( , ), ( , )
where f and g are the non-zero auxiliary parameters and for p = 0 and p = 1 we have:
Note that 0 () f  and 0 () g  approach 
where the convergence depends upon f and g . By proper choice of f and g the series (36) converge for p = 1 and so:
The m th order deformation problems
The resulting problems at this order are given by: Ha 
where the general solutions are: 
Analysis of the results
Convergence of the derived series solutions
Now the solutions of eqs. (13) and (22) subject to the boundary conditions (16) and (23) Table 1 shows the convergence of the series solutions. It is observed that convergence is achieved at 17 th order of approximations. In tab. 2 some existing thermophysical properties of water and nanoparticles are given. 
Results and discussion
The effects of different parameters on the dimensionless flow and concentration profiles are investigated and presented graphically in this section.
Dimensionless velocity profiles
Figures 6-9 exhibit the dimensionless velocity profiles for different values of nanoparticle volume fraction, , Hartman number, velocity slip parameter, , and porosity parameter, . Effects of volume fraction of nanoparticles Cu and Ag on the velocity profile f  can be seen from fig. 6 . Here the velocity profile and boundary layer thickness decrease when volume fraction for the nanoparticles increases. The effects of Hartman number on the velocity f  are depicted in fig. 7 . We analyzed that the velocity is reduced when we increase the values of Hartman number. In fact applied magnetic field has the tendency to slow down the movement of the fluid which leads to a decrease in the velocity and momentum boundary layer thickness. Variations of velocity slip parameter  on velocity profile f  can be seen in fig. 8 . There is a decrease in velocity when velocity slip parameter  is increased. From fig. 9 , we have seen that larger values of porosity parameter  correspond to the less velocity. Porosity parameter depends on the permeability parameter K Increase in porosity parameter leads to the lower permeability parameter. This lower permeability parameter causes a reduction in the fluid velocity.
Dimensionless concentration profiles
Effects of the measure of the strength of the homogeneous reaction, k, the measure of the strength of the heterogeneous reaction, K s , and the Schmidt number on the concentration profile, g, are shown in figs.10-12. Effects of k on the concentration are analyzed in fig.  10 . It is observed that increasing the measure of the strength of the homogeneous reaction k decreases the thermal boundary layer thickness. Figure 11 illustrates the effects of K s on concentration profile g. There is an increase in concentration g when the measure of the strength of the heterogeneous reaction K s is increased. The behavior of Schmidt number on the concentration profile is similar to that of K s (see fig.12 ).
Skin friction coefficient and concentration Figure 13 shows the skin friction coefficient
as a function of nanoparticle volume fraction . The skin friction coefficient enhances with increasing values of . The results of the skin friction coefficient are examined for both types of nanofluids. We observe that the Ag-water nanofluid gives a higher drag force opposite to the flow when compared with the Cu-water nanofluid.
The Table 4 shows that dimensionless concentration decreases by increasing K s , Sc, k, and . 
